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2 TE IDW TURBUIENCE WIND TUNIBL
OF 'THE UNIVERSITY OF MARYLAND d
i
: ¥non the s Physics Rullding of the University of Mavyisml wis ’!

pianned, tha idea of inmeluding o small wind tunnel with the wilding
ves peomuied and with the pponacyshlp of the United Ststes Adr Fores

tre projest wws reglized. To Movenber 1853, the tumrel was ooepianted

and toste denonstrated ite abllity % operate with low turbulents.

e tunpal 1z located below ground level, paitly witlia e

L4

Tals 1z o domoription of the tunne) and & manusl of dim sprias g,

;;.'

ten, {
; £
Teparayinn, 2
:

i

1o BMiiding and partly ovioide, Flgure 1 indiestes the geopral
sublsok and Figurs 2 skotches the refurn channsl, Ictatsd anlirely
) mdergrovnd, sutside the building.
' Cn Fizare 1 we indicated the setiiing chadber 1, spanmd by 5 %@
3 meresns, where the turbulence of the incoming flow is reduced balore

it enteyr tha sontraction cone 2. The tesht satiion 3 {ollowe aud;

o
&

aftar & gap, the flow enters the Pirst diffasar b, Te coomrs §
il A are ppovided with meteliic vanes and lsad to the mecond Aiffuser

The moter and propelicr unit iz leeated at € and; 20tsr Yo lsvge
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turas aquigped wilh soodfon wanee @ and 10, the flow muturrs (o the

»

Sy o
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setiling chembar, Acossa to the funeel ix possible through the pes-

saze 11, ths doors of the ssttling ehanber 1, & panel hols st the ond &
' &

= ¥

of diffuser L, the latorel doors of the test ssution 3 end the pep &b

3

rd
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Foming of divfuser . The distencs bolesen the cormere O sad

tha ¥
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t 80!, The coutraction cony 2, the lest saction 3 and the
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dﬂMhmm&aa&totwodmdmmﬁor mtml iz made
of mintam& uonmta.. Tha cmm pection 35 orbl'mgonal ampt for
f the sotorepropeller section; whore it . ia otrowlar.

The pstiling shamber, L

The sbotion hea a %ngm of ziﬂ»u‘t 12! aud the dia!;mm m
prrellel walle s 787, A double door pamita ofle to enter the mez—,
Lmpyet and sloan the acreene and evertually iratall msasuring probess
Thin hesvy yiesl door carrios mn ﬁmsatn'ré sugh that the octagowal
cross zavtion iz somplote when the door is closed. Vhon the deor ia
cpen; the sorsens oan oasily bhe 21id sutsids,

& the sutrance of this chesbar thare are two hoavy scruens
{phosphor brane, L weshes per insh, with & solidity of 0.k62 defimed
ag ths matis of open wt’ms to total iver), The distanos botwsen thede
soresns i3 21* or 84 moshea., Theme servens are Pixed by bolte to

5y ateal pleces, isbedded Sn the contrete and lamter on refarved o ¢

e glote, These T slots (ses £1g. §) are uweed inmpihosn:
the tu=mwl to anchor accezsories %o the oconcywis wall, ‘Thess bheawy
screm‘ st be removed withoul demeunting the wanss of corner 10.
The lighter screcns have 20 rsabes per inch and a solidity of d.k36.
They &re wduvited om flst iron cotagonel frames amd the irame is boltsd

to the T flats provided on 5 sidés of the chambar. Ths soresn can be
shretchad, onee in place, since it 3¢ held betwesn twe steel fremes
e imdlested on fig. 4. Fetwesn the sotiling chauber and the comiyrse-
1oy smey 4 4° wide woodsn ring iz previded. Thxt ring pormits a

slose {it betvsan the eteel rimg termimating iiwe concrets work amd
the jrefabrissted contrastion cons) ami it is bolted to the stesl
=ing.
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The wnoden ring cen carry one or two fins scrvens (we ussd onlym),
!hm Inat mem wers therefore Maila& witheut m;y frams m«« "

._tmxs.ngmtm tuwmlmddﬁaumﬁagtmfkrwmxttotmm Wu

inxtalled one soresn on the ring {20 meshes per inch, solidity of -
0.436),
e costmiction com,

r- somtraction cone has an cctagonal wroas section and the poe
fila indicxted on Pig., 5. This prelile was ssleocted after some tosis
ia the slsctmoliytic tank of thy derusautinel Department of the Tale
varsity of m:nga. Wo t11ted the tamk (dimsnsicos of about 6 hy 9
foat) to have the anxlogus of & ezkiniricel £low mxd similuted the
wall of the tuumel by » yl&sti» dam, whose wofile could be sasily
wd ified.  The differsnve of ths potential, slong the wall between
two mighbouring po'ints, vaz moggured; az it is ansalogour to tie
veloeity of an inviscid, incompraessible fluid. We selacted the pﬂ»
Mlx, giving & contraciion of 1 to 26 in avea, with a reasonsbls
length amd 2 suill ovarshooting ef ths wall veloeity, Fig. & imdiw-
sotes e mt’m s the potentisl gradient, along the wall, xs da%r«
mined inm the tank, and a skatch of ths inclined electrolytic ienk.

he cons wes twilt vy MeCord Industrics, Baltimors, in eight
sections mapenblsd nb sits, send gleed. The walls are 2" thisk, ime
oluding 1/6% plywood on sich side, Thay huve been mude with a grest
rumbar of pine ribs, giued together, and a system of rings exd legs
ocompietap the unif,

e sony ¢an be moved, by mesms of & jaok, in the direstien of
tha mean Zlow, This glves aaéy sooeas R0 the ring and the last ssreons
The comtreasticn core i3 fimsd by 7 bolta to the sleel ring teralnaiing
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the ssttling eﬁx@.ﬁb@ft sl one smt mel Gy to siide ihe cone withoud
sreviously olwakiog thed all bolts haws baen zemoved

e zmarew end of the combrasticn eons end the tast zectdon oan
ba bolted together, or a seresn tan be nearted in between, vhen $
ie doxired 2s modnos 2 known turbuiont fi2ld in the t2st sectbn,
The test ssetion,

The diatsnop botussn parallel waile, at the ondesvcs, is 19 34"

sad the vallls divergs with s - i angle, #ell Yo wall, piving ab the el
2 wll diatomes of 22 Tw longih of ibe teed socotien iz 1E3%
| Without aoy £rid produning turbulsmss 2t Lhw ewtny of the test powlinn,
this diwergnos prodices s drop of walsoily clong the tert nsatism
lzrarssly propertionsl o Che croms saction. With a grid redeniag
twebnisnne, the boundsry laywsrs sgadost the walls of Qe teodh sscilon
axe wore Lupaviant and a divergente of the wlls 15 necossary fo maln-

&3

s &
taie & mifors wmen flow. Howwsr, e angls of L reved 3o b2 tos
Jerge, and & owellay Advergance wonid ts more vouvontsnb,

Tre Zeart gootion ix aounted on o 2leal auprerd and rests on thwe

ipgt, ‘Tere loge are Lolted fo 2 lovge nroncvete sisd, poovidsd as &
speoisl prowention sgaimel vidratisovs. Shis aleb o zporoximately
&% by 12¢ Zas & thickmess of 17, sad 3z on e sew Jovel se the
£isor, IV veasls on & dry gend bed, FAng a2 waler-proofed sevity
in the ooy of the voom. The samd bed in spproxliatsly 1.5 doen.
The pay Bstwson the st and the flsey ds C33Msad with poo-xoulddpl
mastie. e syxlen in owlog te v lew pesa fiitor, with fthe sish
gcling 8s & moe aad the pend 28 & spdng, wd es besa provided a@

8 pregration ageinyt vibrations fewnswitted from tha [isor to the
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%1 1 Bsction er the standg holding the mesmaring probes.

The test section can alide on the three m@; once ths bolly
seauwring 1t +o the contraction cone have boen rewoved, For this
purpese 10 43 convenient to slide %wo oylinders urder the stesl Lrame.
This pormits cune to e2sily changs the grid preducing twrbulence, &
the srdzry of tha test sectlon, The test section was mede in two
helwan, with 1/2% piywood, giuved aleng the elght corners and psgemb-
lad in fow steel frams. Then the upper sidas were parily resoved
ard veplaced by windowz, Each helf bas a window of about 80" by 10%,
lowing 1ight $o entor ths lest seotion from sbove. The aldde paomia
mm [lpo veplaced by tro doors s reinforosd Ly spocial wned plesen.
Pixed with pixmo hinges, these deors of zbout 207 by 10” provids ewsy
x‘meaaé fs;rs the test paction, Four holes, with brass oollar and plug
rornit the dvparition of r Pitol tubs abt four selsected puvinte »f the
mg% secbicn, Sir plastic tubes make it possible to conmect the .

Mtat tubss with senometers, converndently located, The inside of Qw

arooth wall,
The gope

Betwasn the end of ths tost gection and ithe enirance of the firsi
AMtLager & pap of shout % permits ouws to Lring cosxial het-wire esblae
into the tumnel, fo fir the static nressuwre at this polint of the aiw
cirendt apd o wows tha Tesd pection back by 2 few inches, when 1t im
degivad Yo shengs ths lurbulsmro-ravdacing geid or the Iast soresn,

on the &% riny, Wwefore the contrasiion cone.
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{5 el Wtk the_ap wichstruoted, the atatis pressure ab Shis point

g uzm.m;cmmxawmmwmmmumnmm
to in what I?onow 83 ZET0 TERIID. Mm 81l parta of tm
tunnel, exoept the teat asation, wxler poeitive siatie proseure and.
e veriows leakages creste 2 drafh of alr antering the hunnel st
the gap. Thls mts ircrossee the boundary imv &t the begluning

of the Mffosor, and much be vediced B8 much as possiblas fop effinderns
oparation,
‘e gep oan be tlghtly closed and four perzels can be opened &b
tis axd of tha first diffusec. ‘hes the Jdiffuser operates under
a0 !mnhl» souiitionz, but the ascess to the tesl ssolblon i
corplicated, e fweled to inglsil the gep sighd bledes ad bo susk,
the tomdary lxyer forred in the lasb section oub of tle tunnel, wiid
saro prosmars gt the end of the Lirgdt diffuser. Howewer, this rew
guires a Jarps comgressor, adding wndezirabile woise and vibrations and
rings only maderate Lwprowenentas |
Piveelldy wo Lopdallisd 2 strasmiloed celliur at the antranss of the
Ailleosr, apd therely 231i0@ly lsgrowd b 2lovw in the diffucawr.
.m £iret diffuser,

Tils diffuser has a wallto-ml) zugle of §° and conaiste of

sowen seetions. madn of 1/2% plyesed, gluet ot the cormery and sBueme
bisd dm 3h alesnl framea. These asrtions tre aswembled fw by fun,
axsept She lsst one, and souted op sagle iron Isgw. The fiver Is
previded with 7 elote anmd the saciisas wra auchwred o thase sioda.

Rubtbear rlnzs sre insorted bodtween ths sections and thw fneide haw

ben ressomehly rolishad, & soreen oF I0 meslwe sor imeh {eelidity

R TN RTINS I B, e
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of mhjéh imw.,izx-.. mm the and of tae édtwars hus inm
ﬂ” ﬁ&hnﬁyai‘ e ﬂm» :

‘ o Foue m:ua of aboyt 207 by 0% mm ramoved AL tha and ai’ ‘f
tho ditfesar, T4 b posaidls to stop e inflow at the gap by foreing B
e fube the Wmpnad tta@oush oo of thusa pamels, in onder. to balmee d
the Jarkoges. Mt this again wueld require 2 smsar of soxs i
pser {3 = 2 P ) and wowld odd wose and vihretisna, '
£ atwalkx gara;i‘w Ly 4o orsss the diffuser. - The firsl section
of the Siffuser, immdiztely behind the test eeotion, can easdly be |
ravesred, 3% the teat section or the aontractisn sone hus to be dipé :

plaord Yy & Mr;m suunts
lobwoen the lazt seotion end the steel rimg murking the cnirence

to ths comorate Yetwrn channel, ws fouwnd it necessery to insert 8
woolke #ipgs Thin riug wes custas mede; slree the, steel Ting doss mot 2
axystly 330 im a plane perpendienlsr to the axis of ths tunnel, sd %
sinos the e of the 4iffower aleo hes scme dpsvfections. This
wosdsn ring §e boltsd Go the stael rings The walleteeunll distanes ¥
8% the emd of ihe diffueer is 524,
The smedl ooRRMIN. g
T fow oov akers the contmete voturn chanmal, aml PRemss é
Pivet thowagh a aveoassion of corpers. On Figurs 1 we indicsted tim
dimererione end tho pozitions of 30 stieel vames, miding the fowm, - s
Thone TaRes ars carved and welded ts panbtagonsl cteel piates. Bw ;
outugonal plubes ses peovided ¥§bB siote aad are apohorad agaived :
] the weils of the ttmmi to wordous T piotz. Tw {low turne By & ‘
totel of 186°% withoat net change 4n the ooz peadion andl we could .

¥
5
I
1 - . vy - - - - v eme . - .
s cat A A SR N s i e i il i 5 g s 2
e 3 S - oyt wme e ENT e e e e a e zn = elie A = . = & -5
=y B o~
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ot ﬂtm L app:rtmbh mmm d:ézsp 2 man oan o«ml Twtucen
e v‘mﬁég and they hws bean asseuhlod starking from the ‘»’B’“W
& ' ﬂms m mﬁng back towards the propeliars,

' Anmwmnammwmvmm vanes %o stop eny
ckisot frew Zlying or rolling into thw wupelisy srea. The sofual
poceon has 20 wmgtns par inch and lntrodvcas an vnmBCLERATY TGRS
deop. 15 fa sdvisable to replumae 6 by a soreen offering the emse

weleotion with lass pressure drop. . »
Ts socond’ diffwser, : ~ 5

The soncrate wYie of bhis diffuser diverge by § L0, wall to
will, wd, EP%er & Jangth of 28', tring the chaxaed to @ wRll~boewall
dintavoe of 8%, The lest LY provide e trammition frim the opise g
gensl oress seoidon to the ciroular oroms secticn, For that purposs i

the coreers bxvr deen Silled with comsveta,

“Thls saotion is circulur, ave? & Jongth of Zh®. The wells e
#peaisily hesey {1°) to provide a lamge mans, kud the ssclios in
connseted 20 the otimr essiione bty copper Dallow and & lagey of

shout A% of prw~monlided matic end tavr.  Thls m’-«mm the ssadueatond
vibmitons of S4m wmolor propeller sseticn m popkgeting o the
oty parde of ihe temel., Tho inside dianeter s T8,

Twe choarel sies] frames, ving stuped, ave hdoeddad in the wails,
wl overge fiugh with i surfsce of the copcrsle. On thess riage,

we welded the stand supporting the solowr, consizting of steel plipes

] and ehansedn.
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& slestelo conduit sbarting frem & convenient mint 4o ¥
tuared rosm tarmimiss 47 & Plug Within the conorste Wall of this

%o 135 end Snsteld the moter, we velded, 20 the highest points
of m Ml rings, two emall stoeal piesss through shich ons oun
#lide @ chanrel iron, sarrying s omsll hodst, The motor oxn theree
fors e 1ifted and lowered on the fInor, in ihs rear of the stand.

Thiy ;gmm peruils om to tele the womllar out; alnue N
will elaa;z; the oentrai region of the tunnel. The motor ocoulld evene
inally peps through the asoccess dosr 311 (fig. 1) The propellier osn
orly bo vemuyed through cornsrs § and W) awnd theough the doorm of tha
settling chember, This requirse demvanting vinss and soveons in this f
regilon.

Aftor Yo slironler sootion, & shert transition to the octagomel

< i
A

o
A5

arss sectlicn ocnurs, evd the alr flowe over 25° in streipght line,

T this ares om could tale stops 2o equalise the wlseity distrime
tion (lyptallation of a Nwelsgs dehind the motor) or atop the isducsd
retation of the air, Yo lnstalled in ils area two dshunidifisrs to Ef
koep the air resscoably fry duwrleg the huwdd yeriods. The wiler is :
svommeted Shrongh & ooper pipe, ¥ia the pesesgs.

A so% of T alots i povided 1n thie vems arva, Tw eir oonld ;
seertasily bo herted or coolsd, and sdeguate water lives ave swailzbls é
in the twmewml oo, ;
' ' A repmage conoecte the funpned wiib the twanel yvoom Whrough & doow i

{257 be Lh®) openfap ie the tonnel. This access 18 netsupary %o

Trmmazl oznd meintalsn the mobor, edasors prefaore of Wicoitisg, sl
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drmin Saflitreticns, - Undor the doors & swell chanmel (35% by 20%)
elased by & pigwed pancd wmkes 18 possible to bring pipes or vires
duto the '%mmiw without Interfering with the doow,

The door, when ciosod; acts ¢a & speeial awitch fnserted in the
slmonil of e motor,

Yhon the doar 32 opan, the propslier cammot

bs euergiad and hic providen 8 pwairsniee sgaingt the risk of
gtarting the propaller and theveby inferizz scesone working iz tba
tersel, S4ude there are po eleotyis wullsle 1in the tunnel) for it
o apdidances {drilling machizss, wackon cissmre, #tc. ), the olestels
sxtansion eabtles uwsed for this porposs will peoavent ciosing tle doww
and sbtarting the propellsr, Whse Uu walls of the tuwssl ars wei,

oy st .ﬁ?.m ta aurrs of thy dansger of slssirosution by cumesis
flewing from any elsctels applismse (lowp, tool, sta.) to U arousd
throngh the body.

Fraoasbinm such o Jower veltame, arounded appliznoss, rubber
shosw, 2%4., should alwvays be considsved,

s lavgs sorntrs bun Yhe $ow by 180°, and plevosd woeooe,
%" hick, vertionliy mounted o» sngle iren rails, fiwd to T wicts,
prevest Lhe formtion of lewge vortices,

Withont the vanes, largs vortises build up in the corner ¥, with
werhiesl axls, s at lrvepular intervals they ure washed avay sad
xppear i Jergp turlulsnt MWavsts (R the iost seation (wilh ns screcnw

in the meiftliing cheder). An chaeyvsr ptanding in corpsy 5 tould very

i

E 231l ot ise this proceps. Without vames. he vulocity dintwiteetion
% ir the peitiing chexdwr iz alep Righly woyswmirie and {ludtredtivg.
._g
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: ﬁﬁ-t&é-ﬁwd isrge soxeans axd the vares tho fiow bedsomes very
qum godt wailorm, T tost the afficiency of the wysten of vense,
‘ -me, #nd four fins gcrosta, ws get & hot virs ararometar

in 1o teab eection, and opersted the tuwel with somsoms atanding
“fn Sronb of ths vaws {(cornerd, g, 1), and chetrucking the flow . &z,
with s Jerge pami {stout 37 by i3)s o Mffevence ms notiosabls, o

swthor the panel cbwbruoted tha flew on net, nd & burat of bure
mlanes frilowed esch shenps 1n the peeition of the pemel. T Supw
Cwlonss was of the order of 2 m'é* with 2 veloally of aboud 30 w/eot.
s cotunlly dnstailed rropellar weps 0ot In uxy sonss Lioe
reanlt of & spesclal dealgn,. Yo £21% that prastioally smy gropelioer
wald perwit we to opmrate the tuumsl; deterwine the affiocisney of

mags Fiows @d smsllor reessure diffarancs then vo have in the dasd

the tuvosel apd obtein the T CEgsary information ¢ peovsed to e j?ﬁ’
st atept Shs dusign of o better propsller. The actual propellow m
wes bought Lmm Rebineon Verdflabing Jompeny, whoeo fredustion Xize “
insiwdes fen whsels for ventilatfon over wide wsssire ranpes. The <
sk ateel blsdee mw welded fo 2 hab. Yho dlarwber of the WLiwds i i
ToR, Isawing ¢ clwarsnes of 1% o the wall of the tunmed. The ohepd ?
vevdee from okoud 13" st the hud to 8% at the tip. The diameler of §
the bk i 289, Mmmﬁarigmxgawmommwuihzw §

i

|

tamvel, In other wirds, @ &9 osmreting vith a elighiy stalisd
momlier. 198 meviman spaed i SO0 B.P. M., and s wheel hos buon
Synainslly tessbted Sud balanced by the mumifectwrar. W @5 b @
vaed 00 RP, K.
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- e slectris .G, motor sl netor geerstor set.

m elactrio 1.0, motor 15 rated 25 H.P., 230 volts n.c. m
oparates fren tha power supplisd by & motor gverator set, with en
mswmmae The motor has a top spesd of 2000 RoP.M. em 5
drives & gear box, with & redusing fastor of 2.73. m tmtm shaft
of thie gesr box drives dircotly the propeller, In this way the
propeller omn operate betwean 12 and 700 R.P.M. wmd the metor has
the yequired power without heving a dlamster lerger thet 22% {4
16w apsed D,0s motor with the saume power end without gaar wenldd

' obstruot the flow considsrably)s THa tnit wea ;m*éhsiaéd from

Wﬁhglmm aml this compery conld sventually supply awiler set of
m. pareitidng ons %o opsrats tha propsllaer in s different W
mnme

Mﬁmm, with 700 R.P.M, the tips of the blados have a sm ef

- 60 uimen, cxrvesporiing to a Mach numbexr of C,2. The motor hex snvther

cotd ghatt; turning st the rotor's gpeed, and looated dowmptresm,
This shaft revolves in the same direetien 2 the prepelise, but cowld
be wmed, through & 2o itadls gear, i5 dvive ¢ conbre-xeoteling propelier.
Sotually, It surries a dented whael, ased 25 2 tachuretar, e wheol
meduladen the reluctance of & small amgreiic slroult awl a soll picks
3P % omll dnfuced .mf. The eoil I commested to two terminals oa
the sorkrol pael, and the spesd can be messored with & cathedo vy
oilisscoprs The mear box wast br mwoperly Filled with 243 {16
querts SEE bO) ard sx 04) level iwlicstor iz Yscated on the xight side
of thr peew Dove,  On Fi.g;, 7T we inlostad the basic wiving of Ghs
sisstvris installetion, with the faw wdifivstlom Ilctroduced after

R il e m —— e e
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reapipt from the iﬁnufwtmr. he tm-m powsr 1ins is inters
rmad by the mepretic ewitch K To w@ixly:'thia ewiteh ons wsn
iy ~ ozo alther the Stzri-Stop buttons on the aifﬂo of the moter gemerstor
wet or the peeh buttons iretalled 1n the viud tunrsl rooms The .G
actor can tharefors bo sturtod from two different plsces as long a3
the wanual svitch in tha wil pamel is not gwitched off, This poixt
.mﬁ- !m opd in mind for obviocus safely xesasomm,

Ovorhsating of the elsxents OL will cpon the mugnetis switeh ¥
sxd atop the madahine,

Te A.Q power is tapped o emsrgise a trammiormar. The primscy
iz fuesd and san bo zwitched didferontly to chapge the oporuting £.5
roitage. % use part of the prismry e deliver in the wiind tusnel
woon & aignel of 3i0 wolts A.C. This slipgnel 1lights a2 red lsmp when
the magnebtio sritch ¥ 4s clomed, and ocould bs used to ensrgizs oz
electronic tachosster.

W weasured through om of the thrws power leads a onrvent of 22
o wihen the gememator waz not loaded. The starting corvent Sewes
frow mexe to & peek of 800 sap, then remairs at sbovt 350 mmp Ser 2
psesondie. Uzder load the current dees pobt sxeeed IS0 g, The
astngl fapes are rated 200 wip. The seoondary wiming of the tyezse
formar drives a rectifisr, srd We D0 s.m.fe iz used for sxcitation
of tha 0,0, gemerator und motor. %o otmd the D.C. motor oue saed

| firet gl the spesd control whesl ou thy lower apsed poeibion. Wi
motssly tha propellar from Yargs starting torquws. In this pasie
tion tho Zposd Control Switch (mes Fig. 7) ir closed, and pressing
the D0, Stardt bulten sterts ihe obtsr,
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.. When the D.0. Start tutten in closed, the magnetie switch ¥ clcses
the motor srmbure eireuit, snd the mxtliiary ewitch 1 ¥ 2. - This
v srorgiued the wegretin reley 1 € R whwes function i to meintels
' roliey LK wﬁs@a %o stop tho D0, motor b‘xié osn eithor pash tha
D.C, Stop button ar open the door to ths wind tunml. The Docs

Switeh prevents opsreting the tunmel Pen the door i me Orer=

haztisg of 10 1 by & larze arexture orrerd opsns gwitch IC L and
gtops the D.0, woter. The magneble relay Fi raduess the sxitedioe:
of tha gererator wher ¢ilbsr the armetws gurrant or the revtdfisy
tsosion 1@ 00 largs. Yivs deviss opcrsiez umisr sccalarating €oGe
ditdoms or wder maximw ssrcdymmis losd aid the rolay P fluttors.
Under large eerodynanis loed this device drings a drop in the apred
af the turmel and umstalle cration. 4 more sfficlent peopelisr or
& revises electric arrangment would sliminate this difgiculty,

. Smed satrol operztes Yy fivst igeressing ths gomerator exitution
ead then vedvsing s wotor axitatism, The tachometisr is conmsted

o tie termfuals on the awitch toxe N delivers & signal whose fre-
ey 11 48 porpertiondd €0 the sngulze welocity of the propalier Ay
a feetor, 12 x 2,73. The blmde frequsnoy is {i /S k8. Fig. 8 satts
cates the tanis dippositions of ths switch oz, e ocuwoling of the
netor ganerzior getl precenls some diffievitiss srd ore must uwse at
2] timss the windor fan tretallsd in ¢ho nwmching rocm,

Bber Infiitrations .d condengsticn,

iy

s returs sovbicn, ouizide the buallding rests on & Isyar ef ‘5:

p

vosrse gravel, cver ti@ wndlstucked ground. Afler the relnforowd :

comule was in placs, Ll pit wes £i11sd with cinder o a Inst !
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lzyar of earth. On sach sids of ths concrets work, in the cosrss

gravel, tw draining lims have boen provided. The purposs of this
- . dredn 1 ﬁo wﬂwﬁ the w’:&m; mﬁw t.he tv;znml md o hring . into
: . the min wter aink, located in ths wind tunnsl mom 84 Used Sor
the mol.o Pormics Buﬂdmg. An alzstvie punp removes tha wmter from
the. lik*k'; onen & has ww&ate& in sat¥iciaant mmitm Sime
the wntor flows aasily through slnder or grovel, vu 2apact 1 hpdroe
&tstin Pesemre. Ws cbaerved thasl large pools of vabter resuined for
eome LSse oo the sarfass of the greand, chove the fxnmld, afier wajor
peuolpitations, but thwy my be only s consequense oF ths relative
fmnrieadility of ths top layer of earth. Befars the tunmel wes
minted on the frmide, wve noticed wet aress ard intlltvetion:, Aftes
the pd.at wag pppiisd, iselssger coowered oiuly in the pariow OOPDATE,
&b the ewm of the secomd diffumey, The waler appsreoniliy zsepy
ttmmﬂs mlnnry slits and emerges i Wlilow mpots. Attenglp o use
2 comnt {Statry, ete.) failed sinee tho water lesked out slsevhore,

¥imelly we out smell fvrigation grooves in the bottom of tb@
tonzel wnd let the water zecuwiste im & amall well {2 cudbic inches’
shout ), lecutnd immediately behiws the protection nsveen. In tie
wwil exe tw elcotrodes ard when the water lavel is high anoupgh, &
arell sisatrie pasp (slectrio fuel poup for heaTy fruska) In awitehnd
o8 By the firet elsctroda. ‘hen $he well s dried, the sccomd sizes
trods Wuraz the pomp of £, The weler Iz pusped outslde through &
eoppr plpe, torminmating dn the room, unpder the last pestion of the

Pivat 4 Nussr. This copvey vipe S¥ vosd ne ground somwolor o
he slostyonic relisy driving the wowp. This solubion is wovisory

sl 4t dn lmown Pt gush water indfitrations shimpee #ith Yins.
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' Wan the il of the tunml i sold, comlensetion tukes pincas

Then the debumidifisrs mapt bs Swrned on, and ¥hs twiowl mad ds
cloned, Yhen the temperature dxops beiscv Frsesing, the dehwnddis
fisrs maat aithsy be turned off o protocted agimed COmogt.

Rieyr ond condsmmation has sswver Imterfeced with the cperee

2 PN RIS S AT AN B SN A BN P Tt (Y

tien of the tanmis the mrobler Iz o mthar of maintenmive,
PR .

Tha fnside walls of tho eoncrets paxd of s tunmml wre sand

e X A

. TP AP e ore

tleried, and 2 primer (aixflar to Sery  ¥00, Getes Enghwering Doepess,
Vit ngton, Delawsre ) was waed belsre the £inal coating wer applisd.
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The woabipp itsell was Wmmm,lﬁm‘y T00, peme menufecturer, Tim
ninisen thickrass is a%ﬁ dnches, hat the peint did not 411 a3l %is
parvitisg of Yw comorete; sincs sowe of them sro forming cmeil caves.
Bevowwar, w0 durh is yooduced Wy the sonoretas snd e camting s qeits
sesister % ahregion.

The wge of rubber zhoss and other sisiler precautioms e stiongly
rasowcsndad,

Ths meoprom scating hed z very marisd offect en the sccourtios)
proparties of the hinml. I irdsoduesd & very desirable damping
2zl comtrUwtas carlainly to the guist oporntien of the tuwmel,
Progsures @ evergy.

Yo Zoowd Lhed Lhe varisuo afabip and ¢ is Fesowres LINEIR
vardss sy U squara of the wloolty et the emtreame of the %ash

we0lion, sTeR WHLE v wtrsons or lawgs vanes we inatallisd, Wads

paane hed the sf¥iciency iz independent of the speed, awoent for

mopriisr soualdsveidons,
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The mmeisnm spesd depends upos ths mrber of screens imatallee
and 'ﬁg fexporature of the motor genersior ast. Operation th low
turbulense lie poasible up to 45 maters/ses, or aven 50 m/ses. On

 top of Fig, 9 the indications refer te ths operatism of the tungael
withond laege vaies and yithoul swy oevesn, Tihe flov in the eaiiling
shnder ia mwstoady an! the turbulescs prodcoces Imrge loswes In the
tagt cactive, The esmrygy ratio s sbout 2,

WE: ity Iarge vanes xF the twe lecps covesns {4 meebes per
i) the Tiew 15 in ths sattliing shewter spd the toet sectisk lperes
ave mduced. fower. . the inflow at the gap cownles acss Iarge fiode
teticas In Ve diffeeosr. With five zdditicnel goreens, &l indicstad
on Pig. 9, 7o the efficieray o2 the diffuscr is eomsvbst Ssproved,
hﬁ zoveess Lriroducs additioral lesses nwd lom snergy ratle Ig 2.2
to 2.3 The Jow Is new steady st 21} points. Tos onevgy retle oomid

. bt ImmoTed by ingtalling & beiter rooiection scrsen befors tie
propsilar,

¥ith & spesd of X0 w/see i the sntranse of the test seviien,
ext Witk am spwrgy reiio of 2.7, the sorvssponding power is abtcoalt
S ¥.P. W astimsis the officienmsy af Ede moler propeiler uwadd &b
%27, 2 hersfore tho slectsic rower a&:eanm e meantain whis
spead bacamss 18 1P, “

lergor spadda would therefors yeuquire & better wepeliss, or

7 syeten of sontra-volating propelliaxe. A stress lired hub crowsd

the potor would 2dec Improve the «fficlssrr.  dotoadly, the mechees

sewent fo ght 15 mfewe or 90 munbh. Ban & grid Is inbrodussd ol

the extvewe of ihe Sesi seoilcn 2L wyesics 2 lxvrge pressure divg,
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of the order of 2 tirms the differcance betwsen dynanic and stetis
remssures, (nder such circumstaness; the tunnsl crerstes with e
anprgy ratio of less than 1 and the largsot lozzes are due to the
turboisnee woducing grid, Highar speeds wnld requine e diifemm
mapalier,

Fron {aformution supplisd by the propeller’s manufscturer and
the onergy catic of the tuonel, w could draw Fig, 10. The tunme}
e:?mmc’ké;&ia%ﬂ.c indicater e oremating conditions and the other
zxrone o plotisd for constand R.P.M, PForthermore, the mmufac-
turar intiastes theh pointa A B U D correspond to elsctricad saxie
mus poverg of S, 10, 20 xrxd 40 HoP. A xough estimete of the retis
of sisubrieal porer irmput tc seredynamiesd power culpul gives yslues
betvess G.3 and 0,27,

Purttlsncg.

¥ mmasuwred ths dszgres of turbuloncs, defined as the root msen
gquars of the wveloclty flwtustios In the drection of the mean flow,
dirided by the mann velooity, A1 scasurements vere made In ths tesd
pention, stout §0 inches from tho emtrasce. With tie large vanss snd
e Serps soveens il weshes par inch) we Tonad the weluss indicated
by crenpae on Fig, 21. 4% 10 mfsos tha tuwrbnlence was sbout 0. L.
With the addition ¢ one sersan, wountsd on ths laoogs ring juzt*bsfoxs
the caxtmadtion tho turtulonce waz reduced by » factor he Ths waluss
are ivdissted by circliza on Fig, 1l Afber addition of dwe scx*éem
in the setiling clamber &nd tuo ether ssreers in the diifusors, ws
chparred snothar wadustisn by ¢ Tactor 10 and a turtulence of .02 to

03 pevcant ut high spsote, T polnds are ‘ndicsted Wy doty on Fig, 11
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Belcw 15 m/sec ve foupd that two hot-wirss located on & plans
pamﬁimhr to the man Tlov Wit separated by 1D to 15 inchea
indloete stosgly correlstad flactiatishe, This means that the
fluotastiows are one-dimsnsionsl wad correspend fo “orgaimpipe”
oaail;tatﬁom_. An ath turbulanee of 12 "k corresponds under
such ﬁotﬂiﬁcﬁm to. pressure flncimz.tiom of 5 d;mss. por cmgg or o
sound at spaeck level., The signel of ¢the hot wire fluctuatss slowly
axd does mob indicate a particular superpositicn of warious fres
qmmgazﬁ

A higheyr speeds b signel appoers more random; the lstersi
corralatior £dils, 3wl the turbtulsnce doss not vary with the mswm

valovity., 4% 0 w/zes we found that the lateral correlatica felle
ceey 24 ped that t?n; averags "longth® ef the eddisms is ebsut 109,
indloating that the turbulence 1s strondly asymmstric. This effect
is due o the contiection vons, '

| We arpived ab the ooncl usion that aooouaticd rhemoweny sre
domirani up to 15 m/=e0, and that turbulencs becomss Lmportant for
highar speads, The Heyrolds?! nrwber besed on eddiss of 30 em, amd
wvelocity fluctustions of 30 m/sso reduced by a factor 107l is of the

ovdar of unity i therafors ihose lerge eddies are rther stable,
Frrther veduetion of the turbulsncs or sound fluctuations wnld
require more zeresns in the settling chamber or some large screen
or honpycomd to filter ont ths large eddies. To redws sccountiesi
effasts, one could mrlﬁapg rapiace the large sanes by similsr vanes

wxde ond of sore sound abzorbing maberial.
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e tested the turbulence »f the flow coming out of the contrie-
tion cons when a acveen ig plﬁced &t the entrance of tho test sete

Lém, reandering (he flow in the tort ssction highly turbulent, Thie

has baen doos by pessing a bot wirs holder through the meshes of the
grid, and plecing the wire abtout 2" wpetreas of the grid. Under gush
oircumstonoes, the turbnlencs of the ircoming flow ia slightly iarger,
sz irdiestad by tho smell trimglor on Tig. 1l W2 nigerved with this
arrmgensnt that the incowing turbulende bz s emall lsterzl corzes
intion, snd that the Jongitudingl sise of the addiss is about 2% &t

8 wiwas.

The tuasml hes bewn dsed owoy soversl wmonthw oad exosrisents o
Lzotropic turhnlsnee have besn yarfovesd. e fouod thet, sfier a
wrning vime of eboul 1 bour, the tusand wsae slomdy amd thel spaed
sud tomgerature remained constant, The oolse from the lunrel s wery
low end no wibrstions interfered with the monsuremsnts.

Tha rether parrow ard loung ezt section i3 ideal Pfor tue Iuvssiie
gatiopm on lagrangian correlatiomm, that is, for correlations from the
voint of visw of s cbserver Lraveilcagz »ith tha Tlow.

The low noise repmescats faverahle conditions for ths study ef
turbulent pressure fluetuations. Tafs aspect of turbulense iz stild
umsxplored for lack of & convaniomt misrophona, and ths tunnel conld

bo used eitihsr for the desmign of a sulialle nmizrophsH? or a2 HoIPUTGW

manta of prapmne fivetuwntions.
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- Toe affset of = contraction on turbuleucs could be studisd &n
the comtrastion cone. Bimilarly, experimonts could bs carrisd $a
diffuss? X, especizlly on the effects of prossure gradients on

tombeloons
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